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Comparative digestion studies in wild suids at Rotterdam Zoo
Abstract
Among the artiodactyla, the suids are a group whose digestive physiology has hardly been investigated.
The apparent digestibilities (aD) of macronutrients were measured in captive specimens of warthog
(Phacochoerus africanus), red river hog (Potamochoerus porcus), and Visayan warty pigs (Sus
cebifrons), and compared with those reported for babirusa (Babyrousa babyrussa) from the same facility
on a similar diet. The animals were fed mixed diets of pelleted feed, grains, fruits, and vegetables;
dietary neutral detergent fiber (NDF) ranged from 17 to 26% dry matter. aD of organic matter and
protein ranged from 72 to 89 and 70 to 82%, respectively. Although red river hogs and warty pigs
achieved aD of NDF of 41-54%, this value was higher both in warthogs (63-66%) and babirusa
(61-63%). aD of acid detergent fiber was comparatively low in red river hogs (4%), warty pigs (22%),
and babirusa (13-25%) but high in warthog (59-62%). Comparison with additional literature data
(including peccaries) indicates that in spite of differences in digestive anatomy, suids and peccaries are
similar, and resemble other herbivores in fundamental characteristics, such as the negative influence of
fiber on overall digestibility, or the positive influence of dietary protein on protein digestion. Although
the existing data are equivocal as to a superior fiber digestion in peccaries as compared with other wild
suids, the results suggest that warthogs are more efficient than other wild suids or peccaries in terms of
fiber digestion.
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Abstract 
Among the artiodactyla, the suids are a group whose digestive physiology has hardly been 
investigated. The apparent digestibilities (aD) of macronutrients were measured in captive 
specimens of warthog (Phacochoerus africanus), red river hog (Potamochoerus porcus), and 
Visayan warty pigs (Sus cebifrons), and compared to those reported for babirusa (Babyrousa 
babyrussa) from the same facility on a similar diet. The animals were fed mixed diets of pelleted 
feed, grains, fruits and vegetables; dietary neutral detergent fiber (NDF) ranged from 17-26% 
dry matter (DM). aD of organic matter and protein ranged from 72-89% and 70-82%, 
respectively. While red river hogs and warty pigs achieved aD of NDF of 41-54%, this value was 
higher both in warthogs (63-66%) and babirusa (61-63%). aD of acid detergent fiber was 
comparatively low in red river hogs (4%), warty pigs (22%) and babirusa (13-25%) but high in 
warthog (59-62%). Comparison with additional literature data (including peccaries) indicates 
that in spite of differences in digestive anatomy, suids and peccaries are similar, and resemble 
other herbivores in fundmental characteristics, such as the negative influence of fiber on overall 
digestibility, or the positive influence of dietary protein on protein digestion. While the existing 
data is equivocal as to a superior fiber digestion in peccaries as compared to other wild suids, the 
results suggest that warthog are more efficient than other wild suids or peccaries in terms of fiber 
digestion.  
 
Key words: warthog, red river hog, warty pig, babirusa, wild boar, peccary, digestion, 
nutrition, feeding
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Introduction 
Although wild suids represent an interesting variety of nutritional niches, forms, and 
behaviors, they are rarely the focus of particular interest in zoo animal medicine, zoo animal 
nutrition, or comparative physiological research. This contrasts in particular with the large body 
of scientific and applied literature on the digestive physiology and feeding of large ruminant and 
non-ruminant herbivores (Foose, 1982; Prins et al., 1984; Oftedal et al., 1996; Van Soest, 1996; 
Lintzenich and Ward, 1997; Clauss et al., 2008). 
Whereas the domestic pig is usually considered an omnivore, the diet of most wild pig 
species actually consists mainly of plant material (Leus and MacDonald, 1997), and therefore, 
considerations like adaptations to specific herbivorous niches, such as grazing, browsing, or 
frugivory (Hofmann, 1989; Bodmer, 1990; Clauss et al., 2006; Clauss et al., 2008), should, in a 
modified form, apply to suids as well. Within the suids, there is a committed grazer, the warthog 
(Phacochoerus africanus) (Cumming, 1975; Harris and Cerling, 2002); a committed browser, 
the forest hog (Hylochoerus meinertzhageni) (Harris and Cerling, 2002; Cerling and Viehl, 
2004); and several species more focused on a frugivorous diet, such as the babyrousa 
(Babyrousa babyrussa), the bushpig (Potamochoerus larvatus), the red river hog 
(Potamochoerus porcus), the Eurasian wild boar (Sus scrofa), the bearded pigs (Sus barbatus) 
(Leus and MacDonald, 1997; Harris and Cerling, 2002; Cerling et al., 2004), and possibly the 
different species of warty pigs (Sus celebensis, Sus philipensis, Sus cebifrons, Sus verrucosus, 
Sus bucculentus) (e. g. Hamann and Curio, 1999). Most pigs include roots of different forage 
plants and occasional animal matter in their natural diet (Leus and MacDonald, 1997; Cerling et 
al., 2004). The peccaries are mainly frugivorous, but also include stems, leaves, roots, flowers 
and animal matter in their diet (e. g. Barreto et al., 1997; Altrichter et al., 2001). In particular, the 
warthog is outstanding among the suids due to its exclusive reliance on grass forage; as other 
grazing ungulates and rodents (Williams and Kay, 2001), it shows the particular adaptation of 
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high-crowned teeth to its special dietary niche (Harris and Cerling, 2002; Mendoza et al., 2002), 
and other adaptations observed in ungulates, such as particularly long ingesta retention times 
(Clauss et al., 2005a; Hummel et al., 2006a) and hence a particularly effective fiber digestion 
(Pérez-Barbería et al., 2004), could be predicted for this species. 
Additionally, together with the tayassuids – the peccaries -, the suids represent a variety of 
digestive systems, ranging from hindgut fermentation in most species, as the domestic pig, to a 
complex forestomach system in the peccaries (Langer, 1978; Langer, 1979; Langer, 1988), with 
the stomach of the babirusa as an interesting ‘intermediate’ feature representing a fermentation 
chamber without a particular division from the glandular stomach (Langer, 1988; Leus et al., 
1999). Whether these different digestive systems actually represent different digestive 
advantages has been sporadically investigated in pigs and peccaries (Leus and MacDonald, 
1997; Elston et al., 2005), but results so far remain inconclusive. 
Apart from interest in general potential patterns among species of different feeding niches or 
digestive systems, an understanding of the digestive strategy of suids is also important for 
feeding regimes in captivity. The only dietary survey published so far is, to our knowledge, the 
one on babirusa feeding regimes by Leus and Morgan (1995); this study demonstrated an 
immense variety in feeding regimes, and little consistency between facilities. Leus and 
Macdonald (1997) stated that, in their experience, such inconsistencies were also prevalent in the 
dietary husbandry of other wild suid species. They emphasized that, in particular, obesity was 
common in captive wild suids, possibly contributing to locomotor problems, and cited one report 
(Diamant, 1997) that described an obese female red river hog that only reproduced when its 
energy-dense diet was changed to a high-fiber diet. 
Rotterdam Zoo has been keeping different species of wild suids for a long time. This fact 
was used for a study of digestive efficiency in babirusa (Van Wees et al., 2000). Here, we report 
the results of similar feeding trials with warthog, red river hogs and Visayan warty pigs, and 
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compare the results to those of babirusa, and those for wild boar and peccaries from other 
literature sources. 
 
Materials and Methods 
The general setup of the studies reported here followed the trial design reported for babirusa 
by Van Wees et al. (2000). The diet and results of that study are included in the tables of this 
report to allow easy comparisons. All animals used for this study were kept at Rotterdam Zoo. 
They were fed different diets; the composition of the individual diets offered to the animals in 
terms of ingredients is indicated in Table 1. 
Three warthogs were used for this study – one adult male (90 kg) and two adult females (80 
and 70 kg, respectively). They were housed together in an in- and outdoor pen. The indoor pen 
had a concrete floor, which was partly covered by wood shavings. The outside enclosure was 
covered with sand and also contained a mud wallow. Food was provided on the concrete floor of 
the inside enclose once daily. Water was available at all times. Two separate trial periods were 
performed in October and November 1999. 
Four red river hogs were used for this study – one adult female (50 kg), one male and two 
female subadults (40 kg each). They were housed together in an in- and outdoor pen. The 
digestion study was performed in May 2005, and during that time, the animals had access to the 
outdoor pen for the whole time. The outside enclosure was covered with sand and wood 
shavings. During bad weather, and at nights, the animals had access to the indoor enclosure with 
concrete floor, partly covered with straw. The animals were fed two times per day on the ground 
of the inside enclosure. Water was available at all times. 
Four Visayan warty pigs were used in this study in May 2005 – two adult males (35 kg 
each) and two adult females (30 kg each). They were housed in two pairs, which were kept in 
different inside enclosures and took turns using an outside pen. The outside pen was covered by 
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sand, and some grass. The inside pen had a concrete floor, partly covered by wood chips. The 
animals were fed three times per day in the inside pen, from feeding trays. Water was available 
at all times. 
As the animals were studied on their routine zoo diets and in the groups they were used to, 
there was no particular adaptation period. Each trial consisted of a five-day period, during which 
food offered, food leftover, and feces produced, were weighed in total each day. Leftovers and 
feces were collected completely for the whole period, and a diet duplicate, representative of the 
one offered (10 % of the original diet in fresh weight) was prepared. Feces were cleaned 
manually of any adhering wood shavings or straw. The duplicate diets, leftovers, and feces were 
dried at 60°C, and ground. All samples were analyzed by proximate analysis (Joslyn, 1970) for 
dry matter (DM), crude protein (CP), crude fat (EE), crude fiber (CF), and crude ash (CA) (all 
values expressed in % DM). Neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid 
detergent lignin (ADL) were analyzed according to Van Soest et al. (1991). Hemicellulose (HC) 
was calculated as NDF-ADF, cellulose (C) as ADF-ADL, and total nonstructural carbohydrates 
(TNC) as 100-CP-EE-CA-NDF. Apparent digestibilities were calculated as (Intake-
Output)/Intake x 100. It should be noted that the use of crude fiber data has been thoroughly 
discredited (Van Soest, 1994). We used the crude fiber analysis only in order to facilitate 
comparisons with data from the literature; by doing so, we do not intend to promote the use of 
this parameter. 
Due to the low sample size, the results were not compared statistically. For comparison, the 
data for wild boars and peccaries from Elston et al. (2005) were added to the result tables. 
Additionally, other data for babirusa and peccaries (Conklin et al., 1994; Leus, 1994; Comizzoli 
et al., 1997; Nogueira-Filho, 2005) were included, when appropriate, in the graphical 
presentations of results. For comparison with data for domestic pigs, literature equations were 
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used (Noblet and Perez, 1993; Kamphues et al., 2004). For the calculation of the intake of 
metabolizable energy (ME), the equation by Noblet and Perez (1993) was used, 
ME (kcal/kg DM) = 4167 – 9.1CA + 1.1CP + 4.2EE – 2.6HC – 4.0C – 6.8ADL, 
the results converted to joules, and compared to the mean mammalian basal metabolic rate 
of 293 kJ/kg0.75/d (Kirkwood, 1996) and the ME maintenance requirement for domestic pigs of 
444 kJ/kg0.75/d (NRC, 1988). 
 
Results 
The mean dry matter intake of all animals is noted in Table 2. The relative dry matter intake 
of the suids studied at Rotterdam Zoo were higher than those noted in the wild boars and 
peccaries from Elston et al. (2005); dry matter intake increased in the dataset with decreasing 
NDF content (Fig. 1). 
The nutrient composition of the diets actually consumed is given in Table 3. The diets fed at 
Rotterdam Zoo were characterized by high TNC contents and low fiber levels. Amongst these 
diets, that of the warthogs had the highest contents of cellulose and lignin. In contrast, the 
complete diet used by Elston et al. (2005) contained distinctively higher levels of cellulose and 
lignin than the zoo diets. 
Digestibility coefficients are given in Table 4. Negative digestion coefficients were recorded 
for crude ash and lignin, which could be indicative of the ingestion of soil and wood shavings. 
Therefore, in those trials where the digestibility coefficients for both dry matter and organic 
matter were measured, there was a distinct difference between the two - as high as 15% in the 
case of the second warthog trial. Positive digestion coefficients for lignin, usually interpreted as 
analytical artefacts (Conklin-Brittain and Dierenfeld, 1996), occurred as well, as in other studies 
(Conklin et al., 1994; Comizzoli et al., 1997; Nogueira-Filho, 2005). All suids from Rotterdam 
Zoo had higher digestion coefficients for both protein and fiber than those studied by Elston et 
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al. (2005), but in several cases, similar digestion coefficients have been reported for peccaries 
(Shively et al., 1985; Conklin et al., 1994; Comizzoli et al., 1997; Nogueira-Filho, 2005). 
Fiber digestibilities were particularly high in the warthog as compared to all other species. 
This was evident when comparing the effect of crude fiber level on the apparent digestibility of 
organic matter; in this case, the digestion coefficients achieved by the warthog were even higher 
than the ones calculated for domestic pigs based on a standard textbook equation (Fig. 2a), 
whereas the babirusa achieved only comparatively low values. If, in a larger dataset, the 
relationship between dietary ADF content and the apparent digestibility of dry matter was 
plotted, none of the species investigated appeared as a particular outlier (Fig. 2b); however, the 
use of dry matter digestibility is problematic, due to the variable ingestion of soil material. The 
high efficiency in fiber digestion of the warthogs in this dataset was also evident when the 
apparent digestibility of NDF was compared to the degree of lignification of the NDF (expressed 
as ADL in % NDF) (Fig. 3a), or to the ratio of hemicelluose to cellulose in the diet (Fig. 3b). For 
all suid species summarized in Table 4, digestion coefficients for hemicellulose were usually 
higher than those for cellulose. This was particularly distinct in red river hogs, warty pigs, and 
babirusa, but was also the case in the wild boars and peccaries from Elston et al. (2005). The 
only exception to this pattern was the warthog, in which digestion coefficients for hemicellulose 
and cellulose did not differ, and peccaries in trials of Comizzoli et al. (1997). 
The apparent digestibility of protein decreased with increasing fiber content (Fig. 4). This 
could be partly due to the negative correlation between fiber and protein content in the diet, as 
the content of apparently digestible protein in the diet increased with protein content (Fig. 5). 
For the suids from Rotterdam Zoo, the calculated intake of metabolizable energy varied 
between 1.7 to 2.9 times the average mammal basal metabolic rate, and between 1.1 to 1.9 times 
the maintenance requirement for domestic pigs according to the NRC (1988) (Table 5). The 
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highest multiple was ingested by the red river hogs; in this group, three out of four animals were 
still growing. 
 
Discussion 
The results from this study show that the species investigated in general resemble the 
domestic pig in their digestive efficiency, as far as it was investigated here. Only the warthog 
appears to be a notable exception. 
As already stated by Van Wees et al. (2000), the results of this study must be regarded with 
some caution. Ideally, digestion studies should be performed on individual animals of similar 
age and reproductive status, which all receive a standardized diet, not groups of individuals in 
different life stages that are offered such a variety of diet items that individual selection can 
occur. Additionally, it would be desirable to keep experimental animals in an environment that 
prevented the intake of items that are not accounted for in the study design. Although intake of 
wood shavings, bedding straw, or soil was not observed during the study, the negative 
digestibility coefficients calculated for lignin, and in particular for crude ash, indicate that such 
intake occurred to a certain degree. For free-ranging forest hogs, Leus and Macdonald (1997) 
cite a report of more than 500 g soil per kg fresh fecal mass for forest; evidently, probably due to 
the fact that they dig for roots and tubers, pigs do not avoid soil ingestion, and might do so under 
zoo conditions when given access to natural soil or sand. Under such circumstances, the 
digestibility coefficient for organic matter, not for dry matter, should be used for comparisons, so 
that variation introduced by variable soil intake is reduced. Unfortunately, coefficients for 
organic matter were not provided in the study of Elston et al. (2005). The fact that for those 
species that were assessed twice on similar diets (warthog, and the babirusa from Van Wees et 
al. 2000), consistent results were achieved between the two trial periods, suggests that regardless 
of the limitations of the study design, results had a certain reliability. 
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As in other animals, the absolute digestive efficiency is reduced in domestic pigs as dietary 
fiber increases (Noblet and Perez, 1993; Kamphues et al., 2004), and this pattern was evident for 
the species studied here as well (Fig. 2ab). In domestic pigs, hemicellulose is usually digested 
more efficiently than cellulose (Kass et al., 1980; Yoshimoto and Matsubara, 1983; Noblet and 
Perez, 1993; this is also reflected in the difference in the factors by which HC and C are 
multiplied in the equation for ME calculation, see methods). This difference in digestive 
efficiency is also evident in in vitro digestion assays using pig feces as inoculum (Yen et al., 
2004), and was evident in the measured digestibilities for red river hogs, warty pigs, and 
babirusa as well. Similarly, the wild boars and peccaries investigated by Elston et al. (2005) 
showed the same pattern, but other results for peccaries (Comizzoli et al., 1997; Nogueira-Filho, 
2005) are equivocal in this respect. 
Experimental evidence on the digestion of hemicellulose shows that hemicelluloses bound 
in cell wall are dissolved by the gastric acid and pepsin in the glandular stomach, which makes 
them actually more easily fermentable after they passed through the acid, glandular stomach – in 
other words, in the hindgut (Keys et al., 1969; González and Escobar, 1975; Parra, 1978; Troyer, 
1984; Dawson et al., 1989). Hummel et al. (2006a) used data from Udén and Van Soest (1982) 
on horses and cattle to explain that hindgut fermenters, which might not be able to digest 
cellulose as efficiently as foregut fermenters, have a lesser disadvantage with respect to 
hemicellulose digestion. Therefore, although it has been speculated that the ‘forestomach’ 
portion of the stomach of babirusa should enable these animals to digest in especially 
hemicellulose particularly effectively (Leus and MacDonald, 1997; Van Wees et al., 2000), it 
actually appears unlikely that babirusa or peccaries should have an advantage in terms of 
hemicellulose digestion. On the other hand, because both babirusa and peccaries also have 
‘fermentation chambers’ in the hindgut as well (babirusa: Leus et al., 1999; peccary: A. 
Schwarm and M. Clauss, pers. obs.), they should not achieve lower hemicellulose digestibilities, 
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either, as compared to other suids. So, not the failure of babirusa (and peccaries from Elston et 
al., 2005) to achieve higher hemicellulose digestion coefficients, but their failure to achieve 
higher cellulose digestion coefficients, in spite of their ‘forestomach’ systems, is intriguing. 
These animals should, therefore, respresent valuable research models for the investigation of 
other advantages of a foregut system than the fermentation of plant fiber. 
On the other hand, the data indicated a particularly efficient fiber digestion in the warthog, 
which might even surpass that of peccaries on similar diets (Fig. 3ab). As warthogs consume 
mainly grasses in the wild (see Introduction), we had hypothesized that, like grazing ruminants 
(Iason and Van Wieren, 1999; Pérez-Barbería et al., 2004), this species should achieve 
particularly high fiber digestibilities (Fig. 2, 3ab). As fiber fermentation is a function of time 
(Stevens and Hume, 1998; Clauss et al., 2007; c. f. the increase in dry matter digestibility in 
domestic pigs with increasing retention time in Kim et al., 2007), a resulting hypothesis of this 
study is that compared to other suids and peccaries, warthogs should have particularly long 
ingesta retention times; alternatively – or additionally – warthogs might show adaptations in 
their dental enamel folding pattern, similar to that of grazing ruminants (Archer and Sanson, 
2002), by which they achieve a particularly fine ingesta particle size. 
The result that apart from the warthog, suids and peccaries did not seem to digest cellulose 
as efficiently as hemicellulose could be interpreted as an indication of the importance of non-
cellulose fiber in their natural diet. To our knowledge, there are no reports on the fiber 
composition of the fruits, roots and tubers that form an important part of the diet of most of these 
suid and peccary species. In the survey on vegetable composition by Schmidt et al. (2005), some 
tuber vegetables have very high levels of hemicellulose, both in absolute (% dry matter) and 
relative (% total NDF) term - such as the sweet potato (HC: 15 %DM, 75% NDF); on the other 
hand, other tuber vegetables such as carrots or radish have very low hemicellulose contents (0.8-
1.4 %DM, 8-9 %NDF). Therefore, it cannot be decided whether hemicellulose is a particularly 
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important diet component of wild suids and peccaries, and if the observed discrepancies between 
hemicellulose and cellulose digestion should be considered a particular adaptation to the 
composition of the natural diet. 
In domestic pigs, two major different influence factors for the digestibility of dietary protein 
have been described. On the one hand, the content of (apparently) digestible protein in the food 
directly depends on the content of dietary protein (Noblet and Perez, 1993; c. f. Fig. 5). The 
same is, by the way, true for fat (Noblet and Perez, 1993). On the other hand, an increase in 
dietary fiber content leads to a decrease in the apparent digestibility of protein (c. f. Fig. 4) – not 
only due to the diluting effect of fiber on protein contents, but also due to the increased bacterial 
fermentative activity triggered by diets high in fiber, with the subsequent losses of metabolic 
fecal nitrogen in the form of bacterial protein (Noblet and Perez, 1993). These two influence 
factors are well demonstrated in the study by Wilfart et al. (2007) in a trial that used domestic 
pigs on three diets across which both protein and fiber content increased simultaneously. Before 
the large intestine (i. e. the site of bacterial fiber fermentation) was reached, the apparent (ileal) 
digestibility of protein increased with increasing dietary protein content; however, when the 
apparent digestibility in the whole gastrointestinal tract (i. e., including the site of bacterial 
fermentation) was assessed, it decreased for protein with the increasing dietary fiber content. The 
plots on the relationships between protein digestibility and dietary fiber or protein level (Fig. 4 
and 5) do not suggest that species with forestomach fermentation (babirusa and peccary) are 
more efficient in terms of protein digestion than the other suids. Actually, other comparisons 
between hindgut fermenters and ruminants also do not suggest lower metabolic fecal nitrogen 
(protein) losses in ruminants as compared to, e. g., hindgut-fermenting rhinoceroses (Clauss et 
al., 2005b). This is most likely due to the fact that ruminants, like both babirusa and peccaries, 
do not only have a forstomach compartment but also a site of bacterial fermentation in the 
hindgut, from which bacterial matter will be lost in the feces. Only for a foregut fermenter 
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without a fermentation site in the hindgut, such as the hippopotamus, should higher apparent 
protein digestibilities (due to lower metabolic fecal losses in the form of excreted bacterial 
protein) be expected (Schwarm et al., 2006). 
The diets used at Rotterdam Zoo resemble those reported for babirusa from different 
facilities (Leus and Morgan, 1995) in terms of the variety of food items used, and are probably 
representative for diets used in many European zoos. In general, it is recommended that diets for 
herbivorous species should not consist of large varieties of produce and different energy sources 
(such as bread, grains, and different compound feeds) (Oftedal et al., 1996). The natural diet of 
warthogs, and their presumable capacity to use fiber efficiently, should incite zoos to base diets 
for this species more on forages, such as grass hay. For other suids and peccaries, such forages 
might not prove appropriate due to a low acceptance by the animals; for example, Leus and 
Macdonald (1997) reported that babirusa did not readily accept grass hay. Therefore, a supply of 
products that provide fiber that these species can use efficiently – hemicellulose, and most likely 
soluble fibres such as pectins – would appear appropriate. As evident from the data collection of 
Schmidt et al. (2005), sweet potato, spinach, mushrooms, corn cob with husk, chickpeas, or 
banana flowers would represent according diet items; in addition, compound feed based on beet 
pulp rather than on grains would meet this specification (Hummel et al., 2006c). 
In ruminants, increasing dietary fiber levels are associated with lower ad libitum intakes in 
short-term feeding trials (e. g. Van Soest, 1965). The results collated in this study indicate a 
similar trend in wild pigs and peccaries (Fig. 1). As long as they meet requirements, diets based 
on high-fiber items might therefore be more suitable for the prevention of obesity. Because such 
diet items are usually less energy-dense, need to be consumed in larger amounts, and require 
more processing by the animals, they also represent a good way to extend the time spent feeding, 
thereby preventing behavioral abnormalities (c. f. Hummel et al., 2006b). Data on fiber levels in 
the diet of free-ranging suids are rare. Seydack and Bigalke (1992) reported crude fiber levels of 
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20 % DM in the stomach of free-ranging bushpigs; for free-ranging warthog, Codron et al. 
(2007, in Appendix) reported fecal concentrations of NDF 54-63 %DM, ADF 29-35 %DM and 
ADL 10-14 %DM. Comparing these levels to the crude fiber levels ingested by the animals of 
this study (Tab. 2), or to the fecal concentrations of in the warthogs of this study (NDF 24-28 
%DM, ADF 15-17 %DM and ADL 6 %DM), it appears plausible that the fiber levels of zoo 
diets would need to be increased if they were aimed to resemble the natural diet. 
Assessing whether a diet will lead to obesity is difficult by calculation only, unless amounts 
are consumed by the animals that clearly indicate an energy surplus. In the case of the animals 
investigated, an equation derived from digestion studies in domestic pigs was used to estimate 
the intake of metabolizable energy. The range in crude fiber (1-11 %DM) or NDF (4-26 %DM) 
content of the diets used for the generation of that equation (Noblet and Perez, 1993) was similar 
to the fiber levels used in this study. Although values of ME intake exceeded the maintenance 
requirement of domestic pigs by up to twofold, it is difficult to decide whether this should be 
interpreted as a warning against potential obesity; in the two groups where the highest relative 
ME intake was observed (red river hogs and babirusa), the groups comprised individuals that 
were still growing, so that higher than maintenance intakes would be expected. The 
appropriateness of the diets needs to be assessed either in terms of regular weighing of the 
animals, or at least by regular scoring of the body condition. 
 
Conclusions 
 
1. Warthogs, red river hogs, Visayan warty pigs, babirusa, wild boar and peccaries appear 
to share a similar relationship of dietary protein content to protein digestion with 
domestic pigs, regardless of differences in digestive anatomy. 
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2. Literature data does not prove a more efficient fiber digestion in peccaries as compared to 
other wild suids; however, the results of this study indicate that warthogs digest fiber 
more efficiently than other wild suids or peccaries. 
3. Except for warthogs, wild suids – as well as domestic pigs – digest hemicellulose more 
efficiently than cellulose. While it cannot be decided whether this reflects an adaptation 
to their natural diet, this characteristic recommends certain food items (certain 
vegetables) that are high in fiber and have a high proportion of hemicellulose in their 
fiber component for the feeding of wild suids. For warthogs, diets high in both 
hemicellulose and cellulose (like grass hay) should be considered. 
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Table 1. Ingredients of the diets used in feeding trials with captive warthogs (Phacochoerus 
africanus), red river hogs (RRh; Potamochoerus porcus), Visayan warty pigs (Sus cebifrons) 
from this study and with babirusa (Babyrousa babyrussa) from Van Wees et al. (2000). All 
values in g wet weight per animal and day. 
Ingredient Warthog RRh Warty pigs Babirusa 
 Period 1 Period 2   Period 1 Period 2 
Apple (with skin) 582 519 200 100 1000 1000 
Banana (without peel) 198 200 63 138 333 333 
Raisins -  17  7  
Potato (boiled with skin) 1048 1107 325  1000 1000 
Carrot (boiled) 498 721 350 175 1000 1000 
Endive 455 721  250   
Celery -   250   
Fennel -   113   
Beet -   75   
Lettuce -   163 333 333 
Tomato -  44    
Cucumber -  8 75   
Dried corn 250 250     
Oatmeal -  375  100 100 
‘Muesli’ grain mix -  150    
Maize porridge -   150 100 100 
Cooked rice -   250   
Bread -  75  33 200 
Peanuts -    3 3 
Horse pellet1 286 271 500 250   
Pig pellet2 286 271   400 400 
Dog food3 -   8   
Egg -  23 18   
Calcium carbonate -   2 1 1 
Vitamin mix4 -  8 2   
Grass hay 124 74     
Lucerne 31 64     
Dried blackberry leaves -   100   
1 g/kg as fed: barley, 250; wheat middlings, 210; conrgluten meal, 100; molasses, 70; linseed, 66.5; wheat, 66.3; oats, 50; alfalfa meal, 50; 
soybean hulls, 44.1; CaCO3, 15.5; premixes 77.6 (Mervit 325, 14.1; Mervit 697, 8.5; Mervit 334, 55; Premervo, Utrecht, The Netherlands); 
produced by Agrifirm, Meppel, The Netherlands 
2 g/kg as fed: linseed expeller, 200; wheat middlings, 200; wheat, 102; corngluten meal, 100; molasses, 80; barley, 70; oats, 50; alfalfa meal, 50; 
soybean hulls, 50; CaCO3, 14; NaCl, 13; soybean oil, 9; Ca(H2PO4)2, 7; premixes, 55 (Mervit 325, 10; Mervit 697, 6; Mervit 334, 39; Premervo, 
Utrecht, The Netherlands); produced by Agrifirm, Meppel, The Netherlands 
3 Kenner dog pellets, Cebeco, Doetinchem, The Netherlands 
4 g/kg as fed: Ca monophosphate, 470; CaCO3, 350; tocopherol, 10; Mervit 325 (in mg/kg: biotin, 10; folacin, 200; choline, 40000; panthotenic 
acid, 2000; vitamin A, 1000 IU/g, vitamin B1, 400; vitamin B2, 800; vitamin B3, 4000; vitamin B6, 400; vitamin B12, 0.003; vitamin C, 10000; 
vitamin D3, 200 IU/g; vitamin E, 3000); produced by Premervo, Utrecht, The Netherlands 
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Table 2. Mean body mass (BM, kg), absolute dry matter intake (aDMI, g/animal/d), and relative 
dry matter intake (rDMI, g/kg0.75/d), in feeding trials with captive wild suids. 
Species  BM aDMI rDMI 
Warthoga Period 1 80 1266 47 
 Period 2 80 1203 45 
Red river hogsa  43 986 59 
Warty pigsa  33 504 37 
Babirusab Period 1 52 850 44 
 Period 2 52 904 47 
Wild boarc  32  32 
Collared peccaryc  21  24 
a this study 
b Van Wees et al. (2000) 
c Elston et al. (2005) 
 
 
Table 3. Nutrient composition (in % dry matter) of diets consumed by captive wild suids in 
digestion studies. 
 Warthoga Red river Warty Babirusab Wild Peccaryc
 Period 1 Period 2 hogsa pigsa Period 1 Period 2 boarc  
OM 93.8 93.4 93.9 94.0 93.3 94.3   
CP 14.6 15 14.5 14.5 15.6 13.3 12.5 12.5 
CF 10.2 10.2 5.3 6.4 7.1 6.0   
EE 3.9 4 6.4 4.5 4.4 4.2   
CA 6.2 6.6 6.1 6.0 6.7 5.7   
NDF 20.6 21 17.3 20.7 25.7 22.6 38.3 38.3 
ADF 11.6 11.9 5.9 7.6 5.3 5.1 26.5 26.5 
ADL 2.3 2.6 1.4 1.5 0.0 0.0 7.4 7.4 
HC 9.0 9.1 11.4 13.1 20.3 17.5 11.8 11.8 
C 9.3 9.3 4.5 6.1 5.3 5.1 19.1 19.1 
TNC 54.7 53.4 55.7 54.3 47.7 54.1   
OM organic matter, CP crude protein, CF crude fiber, EE crude fat, CA crude ash, NDF neutral detergent fiber, ADF acid 
detergent fiber, ADL acid detergent lignin, HC hemicellulose, C cellulose, TNC total nonstructural carbohydrates 
a this study 
b Van Wees et al. (2000) 
c Elston et al. (2005) 
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Table 4. Digestion coefficients (in %) for different nutrients measured in captive wild suids. 
 Warthoga Red river Warty Babirusab Wild Peccaryc
 Period 1 Period 2 hogsa pigsa Period 1 Period 2 boarc  
DM 78 71 78 77 - - 50 50 
OM 89 86 84 82 72 78 - - 
CP 82 79 81 73 70 72 65 65 
CF 67 59 12 29 46 52 - - 
EE 79 74 85 77 74 78 - - 
CA -98 -167 -15 5 - - - - 
NDF 66 63 41 54 61 63 12 14 
ADF 62 59 4 22 13 25 10 11 
ADL 30 27 -49 -55 - - 8 7 
HC 70 69 59 72 75 74 18 20 
C 71 67 21 41 13 25 10 12 
TNC 98 97 99 95 - - - - 
DM dry matter, OM organic matter, CP crude protein, CF crude fiber, EE crude fat, CA crude ash, NDF neutral detergent fiber, 
ADF acid detergent fiber, ADL acid detergent lignin, HC hemicellulose, C cellulose, TNC total nonstructural carbohydrates 
a this study 
b Van Wees et al. (2000) 
c Elston et al. (2005) 
 
 
 
Table 5. Intake of metabolizable energy (MEI in kJ/kg0.75/d), calculated using an equation for 
domestic pigs from Noblet and Perez (1993), and multiples of the average mammalian basal 
metabolic rate (BMR x) (Kirkwood, 1996) and the ME maintenance requirement (MR x) for 
domestic pigs (NRC, 1988), in feeding trials with captive wild suids. 
Species  MEI BMR x MR x 
Warthoga Period 1 626 2.1 1.4 
 Period 2 586 2.0 1.3 
Red river hogsa  859 2.9 1.9 
Warty pigsa  508 1.7 1.1 
Babirusab Period 1 585 2.0 1.3 
 Period 2 650 2.2 1.5 
a this study 
b Van Wees et al. (2000) 
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Figure Legends 
Figure 1 Relationship between the dietary neutral detergent fiber (NDF, % dry matter) content 
and the relative ad libitum dry matter intake (DMI, g/kg0.75/d) in different wild suid species from 
this study, Van Wees et al. (2000) and Elston et al. (2005). 
Figure 2 Relationship between (a) the apparent digestibility (aD, %) of organic matter (OM) and 
diet crude fiber content (in % dry matter, DM) in different wild suid species (this study and Van 
Wees et al., 2000) as compared to this relation established in domestic pigs (dotted line, from 
Kamphues et al., 2004), and between (b) the apparent digestibility (aD, %) of dry matter (DM) 
and diet acid detergent fiber content (ADF, in % dry matter, DM) in different wild suid species, 
including data from this study and Shively et al. (1985), Leus (1994), Comizzoli et al. (1997), 
Van Wees et al. (2000), Elston et al. (2005), Nogueira-Filho (2005). 
Figure 3 Relationship between the apparent digestibility (aD, %) of neutral detergent fiber 
(NDF) and (a) the dietary lignin (ADL) content in NDF and (b) the dietary hemicellulose-to-
cellulose (HC:C) ratio in different wild suid species, including data from this study and 
Comizzoli et al. (1997), Van Wees et al. (2000), Elston et al. (2005), Nogueira-Filho (2005). 
Figure 4 Relationship between dietary neutral detergent fiber (NDF, % dry matter) content and 
the apparent digestibility (aD, %) of crude protein (CP) in different wild suid species, including 
data from this study and Conklin et al. (1994), Comizzoli et al. (1997), Van Wees et al. (2000), 
Elston et al. (2005), Nogueira-Filho (2005). 
Figure 5 Relationship between dietary crude protein (CP, % dry matter) content and the dietary 
content of apparently digestible crude protein (dCP, % dry matter) in different wild suid species, 
including data from this study and Shively et al. (1985), Conklin et al. (1994), Comizzoli et al. 
(1997), Van Wees et al. (2000), Elston et al. (2005), Nogueira-Filho (2005), as compared to this 
relation established in domestic pigs (dotted line, from Noblet and Perez, 1993). 
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